To compare the 6-month outcome of Weil osteotomy with distal metatarsal mini-invasive osteotomy (DMMO) in 33 patients with lesser toe metatarsalgia. Methods. Records of 33 patients who underwent Weil osteotomy (n=20, 41 toes) or DMMO (n=13, 22 toes) for lesser toe metatarsalgia by a single surgeon were reviewed. 25 of them had a concurrent procedure on the 1st toe. Outcome at 6 months was assessed using the visual analogue score (VAS) for pain, American Orthopaedic Foot and Ankle Society (AOFAS) lesser toe metatarsophalangeal-interphalangeal (MTP-IP) score, and the RAND-36 score. Results. The 2 groups were comparable in terms of age, gender, and preoperative MTP joint range of motion (ROM), VAS for pain, AOFAS lesser toe MTP-IP score, and RAND-36 scores. At 6 months, the Weil osteotomy group had a higher RAND-36 (mental) score (92 vs. 78, p=0.026), and the DMMO group had a higher percentage of toes with greater MTP joint ROM (p=0.043). All patients achieved bone union within 6 months. Two patients in the DMMO group had prolonged oedema until 3 months post-surgery. Conclusion. DMMO is a safe and reliable alternative to Weil osteotomy for metatarsalgia and can preserve ROM of the MTP joints.
introduction
Metatarsalgia of the lesser toes is caused by imbalance in weight-bearing distribution across the forefoot. It can result in painful callosities beneath the metatarsal heads. The first-line treatment is application of plantar orthotics. Surgical treatment is indicated when conservative treatment fails. Weil osteotomy entails an oblique osteotomy of the metatarsal neck without elevating or depressing it. 1 Preoperative planning is based on weightbearing radiographs of the foot, the optimal metatarsal length is set and then held with internal fixation. 2 Its outcome is generally good, but at least 10% of patients have postoperative stiffness. 1, 3, 4 Distal metatarsal mini-invasive osteotomy (DMMO) involves an extra-articular metatarsal neck osteotomy without any internal fixation. 5 It has advantages of faster recovery and less metatarsophalangeal stiffness, and it obviates the need for implants. This study compared the 6-month outcome of Weil osteotomy with DMMO in 33 patients with lesser toe metatarsalgia.
Materials and Methods
This study was approved by our institutional review board (CIRB number: 2015/2693). Records of 33 patients who underwent Weil osteotomy (n=20, 41 toes) or DMMO (n=13, 22 toes) for lesser toe metatarsalgia with or without dislocation by a single foot and ankle surgeon between June 2012 and December 2013 were reviewed. 25 of them had a concurrent procedure on the 1st toe. Indication for surgery was primary metatarsalgia with no improvement after 6 months of conservative treatment. Patients with inadequate functional outcome data were excluded.
Weightbearing dorsoplantar radiographs were taken ( Fig.) . Preoperative planning was based on the Maestro criteria 2 to determine the metatarsal length. Weil osteotomy was performed through a longitudinal incision. The joint capsule was incised and the metatarsophalangeal collateral ligaments cut. Osteotomy of the metatarsus was fixed with 2.0 mm TwistoFIX (Small Bone Innovations, Morrisville [PA], USA) screws.
For the DMMO, a Beaver blade was used to make a dorsal stab incision adjacent to the metatarsus, parallel to the longitudinal axis. A working chamber was created around the osteotomy site by freeing the soft tissue around the metatarsal neck. A short, straight burr at 8000-10 000 revolutions per minute was angled at 45º to the junction of the metaphysis and epiphysis, and an osteotomy was made in a 'proximal plantar to distal dorsal' manner. No internal fixation was performed, and the wound was closed in a standard manner with non-absorbable sutures. The toes were held in place using gauze and a self adhesive elastic bandage. Postoperatively, full weight-bearing with a rigid sandal was allowed.
Outcome was assessed at 6 months by 2 independent assessors using the visual analogue score (VAS) for pain, 6, 7 American Orthopaedic Foot and Ankle Society (AOFAS) lesser toe metatarsophalangeal-interphalangeal (MTP-IP) score, [8] [9] [10] and the RAND 36-item health survey. 11 An AOFAS lesser toe MTP-IP score of 100 (40 for pain, 45 for function, and 15 for alignment) indicated no pain, full range of motion (ROM) of the MTP and IP, no MTP or IP instability, good alignment, no limitation of daily or recreational activities, and no footwear limitations. Lesser toe MTP joint ROM was assessed with the patient lying down with knee extended and foot at rest in spontaneous plantar flexion. A total range of motion of ≥70º was classified as normal, 31º-69º as moderate, and <31º as severe. The RAND 36-item health survey comprised 8 subscales: physical functioning, physical role, bodily pain, general health, vitality, social functioning, emotional role, and mental health.
The 2 groups were compared using the Mann-Whitney U test for quantitative variables and the Pearson Chi-Square test for categorical variables.
Figure
Radiographs of the foot before and after (a) distal metatarsal mini-invasive osteotomy or (b) Weil osteotomy.
(a) (b)
Multiple linear regression analysis was used to adjust the confounding effect of patient age, body mass index, and gender on functional outcome scores. A p value of <0.05 was considered statistically significant.
results
The 2 groups were comparable in terms of age, gender, and preoperative MTP joint ROM, VAS for pain, AOFAS lesser toe MTP-IP score, and RAND-36 scores. At 6 months, the Weil osteotomy group had a higher RAND-36 (mental) score (92 vs. 78, p=0.026, Table) , and the DMMO group had a higher percentage of toes with greater MTP joint ROM (p=0.043, Table) . All patients achieved bone union within 6 months; most patients achieved bone union within 2 months. Only 2 patients in the DMMO group had prolonged oedema until 3 months post-surgery.
discussion
The Weil osteotomy is an established surgical treatment for metatarsalgia and has been shown to achieve good clinical outcomes. 3, [12] [13] [14] Nonetheless, it is associated with loss of ROM of the MTP joint post-surgery. Up to 10 to 30% of patients with Weil osteotomy experience some degree of stiffness. 4 There are few studies comparing Weil osteotomy with DMMO for metatarsalgia of the lesser toes. In a study comparing the 2 techniques in 72 patients with a mean follow-up of 14.8 months, the results were comparable in both groups. Nonetheless, the DMMO group had a longer postoperative recovery owing to oedema and did not achieve significantly better joint ROM. 15 DMMO has been shown to achieve good functional outcome comparable with that of Weil osteotomy. [15] [16] [17] DMMO is minimally invasive and extra-articular, and thus the risk of disrupting the blood supply at the metatarsal head is minimised. Bone healing is not disrupted as the soft tissue cover is stripped to a minimum. The joint capsule is untouched and results in less stiffness at the MTP joint. In our study, patients with DMMO were able to achieve a significantly greater ROM of the MTP joint at 6 months.
Oedema was not a big issue in our DMMO cohort; only 2 patients had prolonged oedema up to 3 months post-surgery. Careful postoperative strapping of the DMMO obviates the need for internal fixation and its associated complications such as impingement, prominent hardware, implant migration, and infection. Without any fixation device, the metatarsal heads will align and shift during healing and mould into positions that are naturally suited to the weightbearing pattern of the patient. 16 Non-union is usually not a major concern as a high volume of trabecular bone is present. In our DMMO cohort, all toes achieved bony union within 6 months.
There were some limitations in this study. Patients were retrospectively reviewed from a single tertiary hospital and there may be selection bias.
Some patients had a concurrent procedure of the 1st toe, and the functional outcome scores may not be truly reflective of the lesser toes in isolation.
conclusion
In experienced hands, DMMO is a safe and reliable alternative to Weil osteotomy for metatarsalgia and can preserve ROM of the MTP joints.
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